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Abstract— Debris flows triggered by Merapi eruption in 2010 
have impacts on the rivers condition on the volcano, especially in 
the western area. Material resulted from debris flows could 
change on river morphology and riverbed porosity. Therefore, it 
is important to study on the influence of Merapi eruption in 2010 
on river morphology and riverbed porosity in the western area of 
the volcano. To determine the river morphology was used Rosgen 
method. To calculate riverbed porosity surface material was used 
the equation proposed by Sulaiman. The study locations are 
conducted in Pabelan and Putih Rivers, where each river consists 
three points. The result shown that morphology types at 
confluence of Pabelan-Progo Rivers, Srowol Bridge, and Pabelan 
Bridge 1 are D5b, D5b and E5, respectively. Morphology types at 
Sirahan Bridge, confluence of Putih-Blongkeng Rivers, and 
confluence of Putih-Progo Rivers are D5, E5 and D5. For 
Pabelan River, a type of grain size in the upstream area is Talbot 
with porosity of 0.29. In the downstream area of Pabelan River, 
type grain size is log normal with a porosity value of 0.15. 
Riverbed porosity in Putih River is 0.28 at Sirahan Bridge; 0.21 
at confluence of  Putih-Blongkeng Rivers; and 0.21 at confluence 
of Putih-Progo Rivers. 
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I. INTRODUCTION 
During Merapi eruption, pyroclastic flows through in 
almost rivers that originate at Mount Merapi as Pabelan River, 
Putih River and others. Mount Merapi danger is not only 
primary hazards, as lava and hot clouds, but also secondary 
hazards as debris flow.  Volcanic material flows rapidly and 
spreads through rivers as debris flow in the rainy season that 
has a huge destructive force resulting in damage of 
infrastructure and loss of human life. After its eruption in 
2010, the land surface conditions have hardened so when rain 
took place, the impact will be greater. The condition 
aggravated by a green cover on the slopes of Mount Merapi 
has been largely destroyed by the eruption of Mount Merapi in 
2010. And also, the shallow river channel due to 
sedimentation will facilitate debris flows, especially on the 
western area of the volcano. Therefore, it is necessary to carry 
out the impact of debris flow post the 2010 eruption of Mount 
Merapi at the western area from morphology and riverbed 
porosity aspects. The study locations are taken in two rivers, 
namely Pabelan River dan Putih River, as shown in Fig. 1. 
Pabelan and Putih Rivers are located in the western area of 
Merapi, and as tributaries of Progo River. They flow from 
Merapi Volcano to the west-south direction and are very 
important for the local community livelihood. Most of the 
villages are located in the rivers is very depended on the 
natural resources of the rivers. Pabelan and Putih Rivers is one 
of rivers that are passed by the debris flow from Merapi 
eruption. Damage due to debris flows has caused changes in 
the river morphology of Pabelan and surrounding ecosystem. 
Material deposition of debris flow from the eruption of 
Merapi in 2010 changes the morphology and porosity of the 
sediment at the bottom of the rivers. 
 
 
 
Fig. 1. The study locations 
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II. THE 2010 ERUPTION OF MOUNT MERAPI 
The 2010 eruption of Mount Merapi is the biggest eruptions 
compared to its eruptions in history, especially the eruption in 
1872. One of indicators used to determine an index of 
eruption is amount of volcanic material that has been leveled. 
In the 1872 eruption, the amount of volcanic material brought 
up by the eruption during its process was about 100 million 
m3. Meanwhile, the amount of volcanic material has spewed 
from Mount Merapi since October 2010 to present is 
estimated at around 150 million m3.   
The volcanic material brought by debris flow reached 
nearly 50 million m3, 100 million m3 as remaining material 
that become a threat in every heavy rain. The material flows 
through tributaries that have originate in Mount Merapi as 
Pabelan, Putih, Blongkeng and Krasak Rivers. The tributaries 
flow into Progo Rivers that has downstream in Trisik Beach, 
Kulon Progo Regency.The amount of volcanic material 
carried by debris flow through tributaries of Progo River is 
estimated at 30.8 million m³, with of 20.8 million m³ in 
Pabelan River, 8.2 million m³ in Putih River and 10.8 million 
m³ in Krasak River. It means that Krasak, Pabelan and Putih 
Rivers potentially affected by debris flows again. 
 
III. RIVER MORPHOLOGY 
River morphology is related to the physical condition of 
the river geometry, the type, nature, and behavior of the river 
with all aspects of the changes in the space and time 
dimensions, thus involving the dynamic nature of the river and 
its environment are interrelated with each other [1]. In the 
determining of river morphology is needed geometry data, 
covering a wide river, depth, cross the river, the coordinates of 
the location and slope of the riverbed. According to Rosgen [2] 
types of river morphology is shown in Fig. 2. The steps that 
used to determining river morphology according to the 
Rosgen, as follows: 
A. Entrenchment Ratio  
Entrenchment Ratio is the relationship of the flood prone 
area width (Wfpa) and the ratio of the Bank full Surface 
Width (Wbkf). The way to measure in determining 
Entrenchment Ratio (ER) is: 
 
                           (1) 
 
B. Width/Depth Ratio (W/D Ratio)  
Width/Depth Ratio is relation between width of river 
(Wbkf) and the depth ratio relation (dbkf). The formulation 
used is: 
 
                                        (2) 
Furthermore, calculated slope river and riverbed 
material ”D50”. ”D50” is diameter in 50 percent of population 
sediment sample that is observed to represent of sediment 
particle diameter in that location. 
 
IV. POROSITY OF RIVERBED MATERIAL 
According to Sulaiman [3], to calculate a value of riverbed 
sediment porosity is done with the following steps. First, the 
bed material on each point representing top, middle and 
bottom material is sieved to obtain grain size distribution. 
Furthermore, a type of sediment distribution is determined 
based on the value of γ and β parameters, which is calculated 
by the following equations: 
 
                         (3) 
 
                               (4) 
 
where γ  and β   are geometrical parameters, dmax is 
maximum diameter, dmin is minimum diameter, dpeak is peak 
diameter and d50 diameter of 50 % from sample sieved. 
 
 
Fig. 2. Morphology types by Rosgen  
Once the values of   and  are known, the type of grain size 
distribution can be found using the diagram proposed by 
Sulaiman, as shown in Fig. 3. Furthermore, the porosity 
values can be calculated with the following equation: 
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A. Lognormal distribution 
   
 ²=   (5) 
 γ = 0.1561, if 1.5<σ   (5a) 
, if 1.25<σ<1.5 (5b) 
, if 1.0<σ<1.25 (5c) 
, if 0.75<σ<1.0 (5d) 
, if 0.5<σ<0.75 (5e) 
 
Where σ is deviation standard, d  is grain size diameter, j  is 
grain size class, psj is proportion of class j and γ is porosity. 
 
B. M Talbot distribution 
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100≤ dmaks/dmin, γ = 0.0125 nT + 0.3  (6b) 
dmaks/dmin ≥ 1000, γ =0.0125nT+ 0.15  (6c) 
 
Where f(D) is cumulative percentage of grain size and nT is 
Talbot number. 
 
Fig. 3. Diagram to determine type of grain size distribution [3] 
 
V. RESEARCH METHODS 
Stages of the research to determine the debris flow effects 
post the eruption of Merapi in 2010 on river morphology and 
riverbed porosity in Pabelan and Putih Rivers are as follows:   
a. Data collection, the collected data are primary and 
secondary data. The primary data consists of a cross-
section and dimensions, river slope and sediment 
samples. Secondary data includes topographic maps 
and social economic data.  
b. Laboratory test, laboratory testing is used to 
determine the grain size gradation of riverbed 
material sample. 
c. Data Analysis, based on the data from the field 
survey and the laboratory test, river morphology and 
porosity of riverbed material are analyzed. 
d. Discussion and Conclusion, based on the data 
analysis, then discussion of the results and 
conclusion are carried out. The parameters used to 
determine effects of debris flow due to the eruption 
of Merapi in 2010 in this research are river 
morphology and riverbed porosity.  
To determinate river morphology method use Rosgen 
method [2] and riverbed porosity use the Sulaiman formula 
[3]. Locations of the study are conducted in two locations, 
namely in Putih River, and Pabelan River.  
 
VI. RESULT AND DISCUSSION 
A. River Morphology 
Based on Dave Rosgen method, morphology types of the 
rivers are shown in Table I. Table I shows that the 
morphology type in Pabelan River and Putih River is D5 
generally. It indicates that flow in the rivers is multi flow. Fig. 
4 shown the river condition in conjunction between Pabelan 
River and Putih River. Only in two locations, namely in 
Pabelan Bridge and Blongkeng-Putih conjunction, the river 
morphology is E5, which it means single flow. Riverbed 
materials in Pabelan and Putih rivers are sand, and mean 
diameter varies between 0.5 mm to 0.88 mm. Slope of 
Pabelan River is smaller than slope of Putih River. It indicates 
that the flow of Putih River has capability to transport 
sediment coarser than the flow of Pabelan River.  
B.  Porosity of Sediment 
Based on the results, the value of γ and ß parameters are 
shown in Table II. Table II shows that for Putih River, the 
type of grain size is Log Normal with porosity values varying 
from 0.21 to 0.28. For Pabelan River, a type of grain size in 
the upstream area is Talbot with porosity of 0.29. In the 
downstream area of Pabelan River, type grain size is log 
normal with a porosity value of 0.15. 
 
VII. CONCLUSION 
Based on the result, it can be concluded that there has been 
a change in morphology and riverbed porosity due to debris 
flow after the eruption of Merapi in 2010. The mean diameter 
of riverbed material in Pabelan River is smaller than in Putih 
River. The riverbed porosity value tendency becomes smaller 
at the downstream. The surface of the riverbed material at the 
upstream area is coarser compare with downstream area in 
Pabelan River 
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TABLE I MORPHPLOGY TYPE OF RIVER 
Location 
Parameter`!
Type 
ER W/R Slope (%) d50 
Putih River  
Sirahan I 10.70 20 
0.571 0.88 D5 
Sirahan II 9.11 16.88 
Blongkeng-putih 20.63 7.55 1.512 0.83 E5 
Putih-Progo I 20.64 15 
1.374 0.85 D5 
Putih-Progo II 29.72 10.14 
Pabelan River  
Pabelan I Bridge 13.0 7.804 0.445 0.60 E5 
Srowol 1I 
Bridge 16.13 12.52 
0.748 0.50 D5 
Srowol II 
Bridge 25.77 9.313 
Srowol III 
Bridge 7.266 45.95 
Pabelan-Progo I 11.95 12.33 0.56 0.88 D5 
Pabelan-Progo II 9.938 5.817 
 
TABLE 2 GRAIN SIZE TYPE AND POROSITY 
Location 
Parameter` 
γ β Type λ 
Putih River 
Sirahan I 
0.164 0.5637 LN 0.284 
Sirahan II 
Blongkeng-Putih 0.557 0.4399 LN 0.210 
Putih-Progo I 
0.148 0.5637 
LN 0.214 
Putih-Progo II 
Pabelan River 
Pabelan I Bridge 0.476 0.0996 T 0.290 
Srowol I Bridge 
0.432 0.0996 T 0.291 Srowol II Bridge 
Srowol III Bridge 
Pabelan-Progo I 
0.558 0.5639 LN 0.156 
Pabelan-Progo II 
 
 
Fig. 4.  River condition at Conjunction of Pabelan and Progo Rivers 
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